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(54) ADAPTIVE ARRAY ANTENNA 

(57) An adaptive array antenna conprisingaplural- 
ity of array antennas inducing a plurality of antenna ele- 
ments which are spaced at intervals at which a large 
correlation is exhibited, said array antennas being 
spaced at intervals at which the correlation rs neg&gWe, 
wherein diversity effects such as fading compensation 
are produced. I nte r ference waves coning from the 
same direction are efimmated, the gain Is augmented by 
main beam tracking, and one or more caHxation signal 
coupfing parte and mufti-beam synthesizing circuit are 
provided so as to remove irrih«li^>^riatk)nsincalixa- 
tion signals and to perform highly reliable calibration. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to an adaptive s 
array antervia and a method for calculating a calibration 
amount of a receiving system of the adaptive array 
antenna and a method for calixatioa 

BACKGROUND ART " 

[0002] Generally, the adaptive array antenna is 
used for beam control of array antennas. There are two 
kinds of algorithms for the beam control, which are an 
interference suppression tracking type and a maximum is 
gain tracking type, fan the interference suppression track- 
ing type, tracking is performed having a null point to 
interference waves and having strong directivity to 
desired waves. In the maximum gain tracking type, 
tracking is performed such that the receiving level of the 20 
antenna is maximized. In each 0* the types, a mobile 
station can be tracked by a main beam. At the current 
time, the spacing between elements of the array 
antenna is usuaBy X/2as shown in Fig. 1 2. The reason 
for tris is that a grating lobe may occur when the spac- ss 
ing is more than XJ2 as shown in Rg.13. The grating 
lobe may increase interference since the main tobe can 
be abstracted to an unnecessary direction. Although the 
width of the beam narrows, gain increase by this is not 

„t,|ntn nrl 3D 

octai nea. 

[0003] Because the spacing between elements of 
the array antenna shown in Fig.12 is narrow, the corre- 
lation between the elements is very high. Therefore, 
when the receiving level deteriorates due to fading, the 
deterioration influences afl elements 1-8 which are ss 
included in the array antenna so that the deterioration 
can not be compensated tor. Especially, the phenome- 
non is remarkable for a smafl sized array antermawhich 
has about 4 elements. In addition, in the interference 
suppression tracking type algorithm, when there are 40 
interference waves commg from near the direction of 
desired waves, the interference suppression capability 
dete rio ra t e s remarkably since tie interference waves 
exist in the main lobe. 

[0004] 7ha!is.inthenanowelemert6padr^ad^ 46 
tive signal processing, correlation of envelope and sig- 
nal between elements is extremely strong and the 
phase deviation is less Iran a wave length. In the inter- 
ference suppression tracking type algorithm, waft 
(phase and amplitude) of each antenna element is so 
. obtained such that the interference waves cancel each 
other out and the desired waves do not cancel each 
other out Int erfer en ce waves which come from a cfrec- 
tJon different enough from the desired waves are input 
into the artferma as a signal hava^ ss 
signal correlation like the desired waves. However, . 
since the arriving an0e is different the phase difference 
of the interference waves between elements is different 



from the phase difference of the desired waves. As a 
result, the desired waves are not necessarily in opposite 
phase for a waft in which the int er ference waves are In 
opposite phase. In many cases, the desired waves 
operate as in phase. On the other hand, when the arriv- 
ing direction of the interference waves is close to the 
desired waves, the amount of phase shift of the desired 
waves and the interference waves is almost the same. 
Therefore, the attempt to cancel the interference waves 
may result in cancefing the desired waves so that the 
interference suppression capabffity deteriorates. 
[0005] On the other hand, since a diversrry antenna 
is designed such that the correlation between elements 
becomes small, the spacing between elements 21-28 is 
large as shown in Fig.14. Since the correlation is smaD, 
when the receiving level of an element declines, tie 
receiving level of another element may be hitfi. Gener- 
ally, a maximal ratio corrfcining (MRC) algorithm is 
applied. According to the maximal ratio corrtxrung algo- 
rithm, receiving waves of each of the antenna elements 
21-28 are synthesized after assigning weights of 
envelop level of the receiving waves after placing tfte 
receiving waves in phase. According to this algorithm, 
the concept of beam control is not appl ied because the 
spacing between elements is large, thus, many ripples 
exists in the envelope which is the beam of each ele- 
ment Therefore, tracking is not performed since too 
many main beams exists. Thus, the gain increase by 
narrowing the beam can hot be expected. According to 
the algorithm, when there are the i n terference waves, 
the influence is directly exerted. Because, as mentioned 
above, in the synthesizing method, amplitude and 
phase are controlled such that signals of aD elements 
can be received at maximum gain, and the interference 
waves and the desired waves are treated without dis- 
tinction. Accordingly, the method of the maximum ratio 
synt h e si z ing diversity shown in Fig. 14 is effective for 
inproving receiving characteristics of a desired station 
that has deterioration due to feeing. However, the 
method does not contrbute to improved interference 
characteristics. 

[00061 As mentioned above, the narrow element 
spacing adaptive array antenna of the interference sup- 
pression tracking type is effective in suppressing inter- 
ference waves other than from main beam. However, 
the antenna has no effect for suppressing interference 
waves in the main beam and fading. On fte otter hand, 
although the cfiversrty antenna which has the wide ele- 
ment spacing can compensate for deterioration of diar- 
acteristics of the desired waves due to fading, the 
diversity antenna has no effect pertaining to interfer- 
ence waves. 

[0007] tn addition, there are two more combinations 
of antenna placements (narrow element spacing, wide 
element spacing) and algorithms (maximum ration syn- 
thesizing, inte rfer e nce suppression). First, tfie combina- 
tion is the maximum gain tracking type which uses the 
narrow element spacing as shown in Fig. 15 and the 
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maximum ratio synthesizing algorithm. Second, the 
combination is the interference suppression type which 
uses the wide element spacing as shown in Fig.16. In 
the method shown in Fig.16. the antenna is set for diver- 
sity configuration and the algorithm is the interference 
suppression type. According to the method, capability of 
interference wave suppression is kept as the basic char- 
acteristic of the algorithm. In addition, fading can be 
conpensated for since the correlation between ele- 
ments is small in the diversity corfiguration. Especially, 
the characteristic is remartaWe when the angle of 
spreading of arriving waves is larga A wait (phase and 
anpJitude) can be determined such that many coming 
element waves of the interference waves are statisti- 
cally canceled out because phase differences due to 
the arriving angle are different Therefore, even if the 
arriving angles are the same, a wait can be generated 
such that the desired waves become inphase and the 
interference waves become opposite phase. 
[0008] However, acconfing to the combination 
method of the maximum gain tracking type which uses 
the narrow element spacing shewn in Fig.15 and the 
maximum ratio synthesizing algorithm, high gain can be 
obtained and the desired waves can be tracked with an 
antenna similar to the adaptive array antenna shown in 
Fig.12. However, the method has no effect on interfer- 
ence waves and fading. In addition, according to the 
conixnation method using the wide element spacing 
and the interference suppression type shown in Fig.16. 
gain increase can not be obtained because the wide- 
ness of the element spacing prevents tracking by the 
main beam. 

DISCLOSURE OF THE INVENTION 

[0009] One of the objects of the present invention is 
to solve the above-mentioned problems. The object is to 
provide an adaptive array antenna which has cfivererty 
effects such as fading condensation or the Eke, eflmn 
nates the inte rf er en ce waves from the same direction 
and increases gain by main beam tracking. 
[0010] In order to obtain effects which are diversity 
effects such as fading compensation or the Eke. remov- 
ing interference waves from the same direction and 
increasing gain by main beam tracking, the adaptive 
array antenna needs to be accurately caftxated. In the 
following, the calfcration will be desotxxJ. 
[0011] Inttieadapfive array antenna, ft is necessary 
that amplitude ratio and phase tffference in a high fre- 
quency band occurring between element antennas are 
maintained to baseband on which sign 
performed. Generally, since a cable, an ampler, a fitter, 
a nixer. a converter and me 1Kb have (Efferent elec- 
tronic characteristics, it is difficult to equate the ampli- 
tudes and phases of ail the elements (In fre following, 
the electronic effference between elements w3 be 
caQed "individual variation".) In addition, it is practically 
tmposstfe to equate the amplitudes and phases since 



there are differences due to temperature in addition to 
the general ( fi ffer e nces. Therefore, as shown in Rg.17, 
it is conceivable to measure the anrpfitude ratio and the 
phase difference between the elements by providingthe 
5 same calibration signals to each antenna and correct 
the amplitude ratio and the phase effference beforehand 
based on the measurement in order to keep the ampli- 
tude ratio and the phase difference constant within a 
fixed period. 

10 [0012] The calibration signal can be realized by 
inserting the signal into a frame format at each channel 
during constant time intervals of one minute or ten min- 
utes or the like. A caltoration signal input terminal may 
be described as a switch type shown in Fig.18A in the 

rs following description. In addition, the terminal may be a 
type that connects to an antenna cable or the Gke elec- 
tromagneticalty as shown in Fig. 18a In the witch type, 
communication is interrupted Airing the switching. On 
the other hand, the type using an electromagnet con- 

20 nectai has the effect that there is no such interruption 
fan the Figs.18A. 18B, the array antenna is connected to 
the terminals a and b and the calferation signal Is 
applied to the terminal c. 

[0013] The part where the cafibration signal is 
25 applied is called a caSxation signal coupling part, which 
includes the calibration signal input terminals of the 
switch type and the eiectromagneticaJly connecting 

type. 

[0014] Fig. 17 shows the array antenna which 

so includes antenna elements #1-#4. Signals received by 
each of the antenna elements are applied to a distribu- 
tion and synthesizing part 134 via filters 103-106 and 
high frequency ampffjers 107-110. In the dist ribu tion 
and synthesizing part 134, the signal received by the 

as antenna is dis tributed to channels. Therefore, the sig- 
nals after the distrtoution and synthesizing part 134 are 
transmitted to a plurality of channels. However, one 
channel in tie plurality of channels is shown in Rg.17. 
The received signals dstrtouted by the cfistribution and 

40 synthesizing part 134 are added at a signal adder 132 
via mixers 111-114, fitters 115-118, intermecfiate fre- 
quency anpffiere 11 9-122, A/D converters (analog rfg- 
rtal converters) 123-126 and waits 128-131. An adaptive 
signal processing device 133 controls amplitude and 

45 phase of the waits 128-131. As a result the received 
signals are transmitted to a base station signal process- 
ing circuit 

[0015] The output from a cafibration signal genera- 
tor 101 is split in tour by a signal spitter 102 and at the 

so same time fre calibration signals are applied to fitters 
103-1 06 via cables 175-1 78 and calixafion signal input 
terminals 166-169 in the antenna elements #1-#4. 
These signals are transmitted to the base station signal 
processing circuit in the same way as received signals. 

55 At the time, output signals from the A/D con vert er s 123- 
126 are appBed to a cafibration amount calculator 127. 
The cafibration amount calculator 127 compares the 
ampfitude and the phase of each A/D converters 123- 



3 



EP1014485A1 



126 with each other and calculates calibration amount 
for equalizing amplitude change and phase change 
between the antenna elements #l-#4 and the signal 
adder 132 in the receiving systems. The receiving sys- 
tem here Is a system which includes a series of circuits 5 
for receiving connected to the output of the antenna. 
That is, the receiving system includes the filter, the high 
frequency amplifier, the mixer, the filter, the intermetf- 
ate frequency amplifier and the AO converter. Four 
receiving systems are included in Fig.17. The cafibra- 10 
tion amount is transmitted to the adaptive signal 
processing device 133. The adaptive signal processing 
device 133 stores the catibration amount in a calibration 
table (which is not shown in the figure). When theadap- 
foe signal process ing device 133 performs adaptive sip-; is 
nal processing, the adaptive signal processing device 
133 controls the waits 128-131 by subtracting the cali- 
bration amount 

[00161 However, the caOtfation signals, provided to 
antennas, which are regarded to be this same, have the 20 
individual variations. In fig.17. the calbration signal 
generator 101 needs to cfivide the output signal into the 
same number of signals as there are elements of the 
amy antenna and needs to transmit the catibration sig- 
nais to the calibration signal coding part via the cables 2s 
175-178. Since the cables 175-178 and the caitoration 
teminals have indhriduai variations (cable characteris- 
tics and cable lengths and the like), phase differences 
occtf in the cafibration signals. As a resiit there is a 
prc*lem in that a caSxaiion error occurs. 30 
[0017] Thus, the second object of the present 
invention is to realize reliable cafibration by eliminating 
effects based on the incividual variations to the caSbra- 
tionsigpaL 

[0018] The present invention has the following as 
means as means for achievingthe first object 
[0019] The i n ventio n as claimed in claim 1 is an 
adaptive array arrterww characterized in that said adap- 
tive array antenna comprises a pluralfty of array anten- 
nas hduding a plurality of antenna elements which are 40 
spaced at intervals at which a high correlation is exhfc- 
rted; wherein said array antennas are spaced at inter- 
vals at which me correlation is r^igi^e; arri ou^ of 
said antenna elements being^mmfm^&^Sm^ 



[0020] According to the invention as claimed in 
claim 1, the sparing between array antennas te a cfis- 
tance in which correlation can be neglected and adap- 
tive signal processing is performed on aD outputs from so 
the antenna elements. Therefore, the adaptive array 
antenna has cfiversfty effect such as fading compensa- 
tion or the lite, removes interference waves from the 
same direction and imprwes gain for main beam track- 
ing. 56 
[0021] The invention as claimed in claim 2 is an . 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises a plurality of array anten- 



nas including a plurality of antenna elements which are 
spaced at intervals at which a high conelation is exhib- 
ited; said array antennas being spaced at intervals at 
which the correlation is negligWe; each of said array 
antemas performing adaptive signal processing inde- 
pendently; each output of said array antennas proc- 
essed by adaptive signal processing being further 
processed by adaptive signal processing. 
[0022] According to the invention as claimed in 
claim 2, adaptive signal processing is performed in each 
array antenna which has a plurality of antenna elements 
which are separated from each other at a distance 
which induces a high correlation. Therefore, gain can be 
further improved by main beam tracking. Additionally, 
adaptive signal processing is further performed on each 
output of the array antenna on which output adaptive 
signal processing has been performed independently. 
Therefore, facfing compensation can be performed more 
effectively. 

[Q023] The invention as* claimed in claim 3 is an 
adaptive array antenna characterized in that sad adap- 
tive array antenna comprises a pturafity of array anten- 
nas including a plurality of antenna elements which are 
spaced at intervals at which a targe correlation is exhib- 
ited; said array antennas being spaced at intervals at 
which the correlation is negligible; at least an array 
antenna of said array antennas performing adaptive sig- 
na) processing; array antennas which do not perform 
adaptive signal process in g referring to a result of said 
adaptive signal processing of other array antennas and 
adjusting phase and level of outputs of antenna ele- 
ments of said array antennas which do not perform 
adaptive signal processing. 

[Q024] Acconfing to the invention as claimed In 
claim 3. the array antenna which does not perform 
adaptive array processing refers to tie resiit of adaptive 
signal processing of other array antenna, and adjusts 
phase and level of outputs of antenna elements of fre 
array antenna. Therefore, the total amount of calcina- 
tion can be decreased 

[0025] The invention as claimed in claim 4 is the 
adaptive array antenna as claimed in one of claims 1 - 

3, wherein sad adaptive signal processing is an interfer- 
ence suppression tracking type or a maximun gain 
tracking type. 

[0026] The invention as claimed in claim 4 defines 
delate of the adaptive signal processing. 
[0027] The invention as claimed in claim 5 is ttie 
adaptive array antenna as claimed in one of claims 1 - 

4, wherein signals to which weights are ass&ted by 
said adaptive signal p rocess i ng are synthesized before 
detection or after detection. 

[0028] Acconfing to the invention as claimed in 
dakn 5. an appropriate method can be selected 
between synthesizing before detection and synthesiz- 
ing after detection according to a communication 



[0029] Further, the present invention has fre foflow- 
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ing means as means tor achieving the second object 
[0030] The invention as claimed in claim 6 is an 
adaptive array antenna characterized In that said adap- 
tive array antenna comprises: an array antenna having 
a plurality of antenna elements; a mufti-beam synthesiz- 
ing circuit for synthesizing multiple beams; a calforation 
signal coupling part, provided between said multi-beam 
synthesizing circuit and said antenna element, for input- 
ting a caHxation signal; a cafibration signal generator; a 
calibration amount calculator; wherein said cafibration 
signal generator applies a cafibration signal output to 
said calibration signal coupling part said calibration 
amount calculator calculating a calixation amount of 
each of receiving systems from baseband signals of 
said receiving systems connected to the outputs of said 
multi-beam synthesizing circuit and performing calibra- 
tion of said receiving systems. 
|0031] According to the invention as claimed in 
claim 6, a cafibration signal is applied to the calixation 
signal coupling part which is provided between the 
mufti-beam synthesizing circuit and an antenna ele- 
ment And, the calforation amount is calculated for each 
receiving system from a baseband signal of the receiv- 
ing system which is connected to the output of the 
beam synthesizing circuit and calforation is performed 
on the receiving systems. Acconfingly. individual varia- 
tions between the calforation signals are eliminated 
such that reliable calibration can be realized. 
[0032] The invention as claimed in claim 7 is an 
adaptive array antenna characterized in that said adap- 
tive array antenna comprises: an array antenna having 
a plurafity of antenna elements; a nrwltM>eam synthesiz- 
ing drcuit for synthesizing multiple beams; a cafibration 
signal coupling part, provided between said inufti-beam 
synthesizing circuit and said antenna elements, for 
inputting a calixation signal; a calforation signal gener- 
ator; a calixation amount calculator; wherein said cafi- 
bration signal generator appfies a cafibration signal 
output to a plurality of said cafibration signal coupling 
parts successively, said calforation amount calculator 
calculating a cafibration amount for each of receiving 
systems from baseband signals of said receiving sys- 
tems connected to the outputs of said multi-beam syn- 
thesizing circuit every time said calforation signal output 
is appfied to said calibration signal couping part, and 
cafibration to said receiving systems being performed 
by using a mean value of calculated calforation 
amounts. 

[0033] According to the invention as claimed in 
dajm 7, cafibration amount calculation of the receiving 
system is performed a plurafity of times and the mean 
value is used as the cafibration amount of the receiving 
system. Therefore, more refiable calforation can be real- 
ized. 

[0034] The invention as claimed in claim 8 is the 
adaptive array antenna as claimed in one of claims 6 or 
7, wherein an FFT processing circuit is provided for per- 
forming calculation of mufti-beam resolution within a 



base station in the outside of said receiving systems of 
said array antenna 

[0035] According to the invention as claimed in 
claim 8, since the FFT processing circuit is provided for 

5 performing multi-beam resolution calculations within the 
base station, cassation and adaptive signal processing 
can be performed for each antenna element 
[0036] The invention as claimed in claim 9 is a cafi- 
bration amount calculation method in a receiving sys- 

w tern of an array antenna having a plurality of antenna 
elements, said cafibration amount calculation method 
characterized by: applying a calforation signal gener- 
ated by a calforation signal generator to a calforation 
signal coupling part provided in one antenna element; 

is sending said cafibration signal to a plurality of said 
receiving systems by a nidti4>eOT synthesizing drcuft; 
and calculating a cafibration amount of each of said 
receiving systems from baseband signals obtained by 
detecting calforation signals of said receiving systems. 

20 [0037] According to the invention as claimed in 
claim 9, individual variation between calforation signals 
are efimtnated and reliable cafibration can be per- 
formed. 

[0038] The invention as claimed in claim 10 is a cal- 

25 foration amount calculation method in a receiving sys- 
tem of an array antenna having a plurafity of antenna 
elements, said cafibration amount calculation method 
characterized by: applying a calforation signal to calfora- 
tion signal coupling parts provided in a plurafity of 

30 antenna elements successively; sending said calibra- 
tion signal to a plurafity of said receiving systems by a 
multi-beam synthesizing circuit provided in an array 
antenna simultaneously; calculating, by a cafibration 
amount calculator connected to a plurafity of said 

35 receiving systems, taxation amounts of said receivir^ 
systems from baseband signals obtained by detecting 
calforation signals of said receiving systems; using a 
mean value of said cafibration amounts as a cafibration 
amount of said receiving system. 

40 [0039] According to the invention as claimed in 
claim 10, calforation amount calculation of the receiving 
system is performed a pturaifty of times and tite mean 
value is used as the calforation amount of the receiving 
system. Therefore, more reliable cafibration can be real- 

45 ized. 

[0040] The invention as claimed in claim 11 is the 
calixation amount calculation method of said receiving 
systems of said adaptive array antenna as claimed in 
daim 9 or 10. wherein verification of cafibration amount 

so calculation Is avaiabie by providing, in the outside of 
said receiving systems of said array antenna, an FFT 
proces sin g circuit for performing calculation of mufti- 
beam resolution within a base station. 
(0041] According to the invention as claimed in 

55 claim 11, sirice the FFT process*^ 

performing multi-beam resolution calculations within the 
base station, cafibration and adaptive signal processing 
can be performed for each antenna element fo adcfi- 
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tion, calibration amount calculation can be verif ied. 
[0042] The invention as ciaimed in claim 12 is a cal- 
ibration method for performing calibration of a receiving 
system of an array antenna by performing adaptive sig- 
nal processing, said calibration method characterized s 
by performing adaptive signal processing after subtract- 
ing said caHxatfon amount calculated by the method 
claimed in claim 9 or 10 as an adaptive signal process- 
ing amount when perfonnirig adaptive a 
for an adaptive array antenna. 10 
[0043] According to the invention as claimed in 
claim 12. calforatfon can be performed within adaptive 
signal process in g without using waits for caBxation. 
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[0044] Other objects, features and advantages of 
the present invention will be apparent by reading the fol- 
lowing description in conjunction with the accompany- 
ing drawings. 20 

Fig.1 is a config u ration example (a first example) of 
an adaptive array antenna which has wide element 
spacing and narrow element spacing according to 
ttepresert invention, and perform » 
processing. 

Rg.2 is a configuration example (a second exam- 
ple) of an adaptive array antenna which has wide 
element spacing and narrow element spacing, and 
performs adaptive signal processing. 30 
Fig.3 is a configuration ©cample (a thW example) of 
an adaptive array antenna which has wide element 
spacing and narrow element spacing, and performs 
adaptive signal processing. 

Fig.4 is a configuration example (a first example) of ss 
an adaptive array antenna which performs cafibra- 
tfon processing of the present invention. 
Fkj.5 is a configuration example (a second exam- 
ple) of an adaptive array antenna which performs 
caGbratfon processing of the present invention. 
Fig.6 is a configuration example (a third example) of 
an adaptive array antenna which performs cafibra- 
tion rjrocessing of the present invention. 
Fig.7 is a configuration example (a fourth example) 
of an adaptive array antenna which performs cali- 
bration processing of the present invention. 
Fkj.8 is a con fiyu i ation example of an adaptive 
array antenna which achieves a first object and a 
second object of the present invention. 
Fkj.9 is a flowchart for explaining a method (a first 
method) of calbration amount calculation. 
fig.10 is a flowchart for explaining a method(asec- 
ond method) of calbration amount calculation. 
Fig.11 is a flowchart for explaining a method (a third 
method) of calixafionarrxxrtcateulafion. 
Ftg.12 is a configuration example of a conventional 
adaptive array antenna (a first example) of narrow 
element spacing. 



40 
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Rg.13isaconfigijralk)nexarnpleof a conventional 
adaptive array antenna of wide element spacing. 
Ftg.1 4 is a configuration example of a conventional 
maximum ratio synthesizing type adaptive array 
antenna of wide element spacing. 
Rg.1 5 is a configuration example of a co n ve n tio na l 
adaptive array antenna (a second example) of nar- 
row dement spacing. 

Rg.16isacorrfifflrationexariyleof a c on vent io n a l 
interference suppressi o n type adaptive array 
antenna of wide element spacing. 
Rg.17 is a diagram for explaining a conventional 



Rg.18 is a diagram for explaining a cafibration sig- 
nal coupling part 

Rg.19 is a diagram for explaining an example of a 
multi-beam synthesizing circuit (butler matrix). 



PREFERRED EM BODIMENTS FOR CAR 
THE INVENTION 



[0045] In the following, ernborfments of the present 
invention corresponding to the first object wOl be 
descnbed with reference to figures. 

(first ernDOuimeny 

[0046] Rg.1 shows the first ernbodimentwhichisan 
eight element array antenna. An array antenna #1 com- 
prises antenna elements 51-54 and an array antenna 
#2 comprises antenna elements 55-58. The spacing 
between the array antenna elements of the array 
antenna #1 and the array antenna #2 is about A/2. The 
array antenna #1 is placed at a distance (of several Xs) 
from the array antenna #2 such that the correlation 
becomes smaD enough to be negOgWe. 
[0047] Signals from each of the antenna elements 
51-58 are synthesized by the signal adder 59 via tie 
waits 81-88 which adjust phase and amplitude of 
antenna output and output The wait of the waits 81-88 
is controlled by the adaptive signal processing device 
60. Thyao V jiti wai^ 

t@cWrjgJ*pa 
[0048] In* 
^eo^rjSTtf h caT v er ted dn^ 
andateEfoegro oe ss ^^ 

trig to the second object of the present invention is nec- 
essary in each array antenna. However, ft is not 
necessary between fre array antennas. In a muttipatii 
environment, each array antenna can augment gain and 
can form the main beam. 

[0049] Concerning tfie array antennas, in Ms 
example, consider that unoonelatBd four element array 
antenna is added. Therefore, the same interference 
characteristics as shown in Fig. 16 can be obtained. 
That is, the array antenna has the capabiity of removing 
interference waves from the same drection. In addition. 
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since the array antenna is uncorrelated, it has diversity 
effect pertaining to fading. In the algorithm of the array 
antenna, cfiversity, main beam tracking, removal of inter- 
ference waves can be performed together without con- 
cerning for the difference. s 

(second ernbodiment) 

[0060] F\q2 shows the second embodiment The 
number of elements is eight which is the same as the io 
first embodiment The arrangement of the antenna is 
the same, but the signal synthesizing method is differ- 
ent 

[0061] Each of an array antenna #1 and an array 
antenna #2 operates according to an independent algo- is 
rithrrt That is, outputs from antenna elements 51-54 of 
the array antenna #1 are synthesized at a signal adder 
61 via wails 81-84. The waits 81-84 are controlled by an 
adaptive signal processing device 63. Outputs from 
antenna elements 55-58 of the array antenna #2 are 20 
synthesized at a signal adder 62 via waits 85-88. The 
waits 8588 are controlled by an adaptive signal 
processing device 64. The adaptive signal processing 
device 64 operates in isolation from the adaptive signal 
processing device 63. At this stage, since the correla- 25 
lion between artenria elements of each array antenna is . 
high, fading can not be compensated tor and the inter- 
ference waves from the same direction can not be 
removed. 

[0052] Baseband outputs of the signal adder 61 and 30 
the signal adder 62 are synthesized by the signal adder 
71 via waits 90, 91. The waits 90, 91 are controlled by 
an adaptive signal processing device 70. Since the 
envelopes of input signals of the adaptive array anten- 
nas are uncorrelated, the baseband outputs of thesig- ss 
naJ adder 61 and the signal adder 62 are uncorrelated. 
Therefore, facfing can be compensated for at this stag a 
In adcfition, each adaptive array antenna can remove 
interference waves from the same direction at this 
staga 40 

(third embodiment 

[0053] F\g3 shows the third ernbodiment The con- 
figuration is the same as that of the second embocD- 45 
merrL However, eachtoNhe fow^eTrien^ 
antennas 'doe*rwt*opeiat^^ TWte the 

sam%adaptive^6igr«l-pro 
wai^l^of^entenra 

arrtennaJ^and waits 85*8 of ^anterm*e*ements£5?58 so 
of arran^arttehna^fa A two element algorithm of the 
after stage selects adaptivery an adaptive array antenna 
to be operated by determining magnitude of the power 
of the array antennas. By referring to waits of one side, 
calculation amount is decreased. 55 
[0054] in the above-mentioned entrapment, the 
spacing of the antenna elements is A/2, which is a dis- 
tance for exrubffing very high correlation. However, me 



distance is not necessarily exactly X 12. The distance 
may be around A/2 as long as the effect of the present 
invention can be obtained. The spacing between the 
array antennas is large enough for making the correla- 
tion low enough. The correlation low enough" does not 
mean no correlation. The correlation may be substan- 
tively small enough as long as the effect of the present 
invention can be obtained. 

[0055] In addition, the present invention is not lim- 
ited to the above-mentioned embodiment, that is, the 
configuration of eight antenna elements and two array 
antennas. 

[0056] In the following, embodiments of the present 
invention corresponcfing to the second object win be 
descrbed with reference to figures. 

(fourth embocfiment) 

[0057] The fourth embodiment takes a configura- 
tion wherein an after-meotioned multi-beam synthesiz- 
ing circuit is provided after the array antenna, signals 
are transmitted to an indoor part of the base station via 
cables, and the signals are extracted as element out- 
puts after performing after-mentioned FFT by base- 
band. A caHxation signal is input from a calixation 
signal coupling part which is located between the array 
antenna and the muttibeam synthesizing circuit 
[00581 The characteristics of this method are that a 
signal input to an element antenna is transmitted to the 
indoor part of the base station after being distributed to 
an cables via the mutti bean synthesizing circuit When 
a signal is input in the multi-beam synthesizing circuit 
signals which have a constant phase difference are out- 
put at a plurality of output terminais. That is, it becomes 
possHe to calixate receiving systems for actual signals 
by one signal. Here, the receiving system is a series of 
receiving circuits connected to the output of the mufti- 
beam synthesizing circuit That is, the receiving system 
is a system inducting a filter, a htgh frequency ampKier, 
a rntar. a titer, an irterrnediate frequency airpGfier and 
an AD converter. 

[0059] Rg.4 shows the fourth enixxfiment The 
number of elements of the array antenna is four (#1-#4). 
A signal from a caHxation signal generator 101 is 
applied to the mufti-beam synthesizing circuit 152 via a 
caHxation signal input terminal 150. The mufti-beam 
s ynthesizin g circuit 152 is a four element butler matrix 
as shown in Rg.19. The butler matrix is configured by 
hybrids 181-184. Since it is weO known, a description of 
the operation will not be provided. The outputs from the 
mufti-beam synthesizing circuit 152 are appOed to fitters 
103-106, high frequency amplifier 107-1 10 and a distri- 
bution and synthesizing part 134. The signals distrib- 
uted here are AD-converted via mixers 111-114, filters 
1 15-1 18 and intermecfiate frequency ampffier 1 19-122. 
to adrJtion, FFT (Fast Fourier Transform) is performed 
on the signals after waits are added by waits 128-131 
such that the signals are conv er t e d to normal signals of 
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an adaptive array antenna. FFT (Fast Fourier Trans- 
form) 153 performs conversion which is reverse to that 
of the multibeam synthesizing circuit That is, the signal 
of the cafflxation signal input terminal 150 is converted 
by the multi-beam synthesizing circuit 1 52 and is output 
to the titers 103-106 with a constant phase The FFT 
here performs reverse conversion of that As shown 
Fig.4 f since the calibration signal is applied only to the 
receiving system #4, a signal appears only on the 
receiving system #4 if calflxation is property performed. 
[0060] In the same way as shown in Fig.1 7. a cali- 
bration amount calculator 1 54 calculates the calbration 
amount An adaptive signal processing device 155 
stores the calbration amount in a calibration table (not 
shown in the figure) and controls waits 128-1 31 by sub- 
tracting the calforation amount when performing adap- 
tive signal processing. 

[0061] The Vibration may be performed 
ing a wait for the calibration other than the waits for 
adaptive signal processing and controlling phase and 
arrpfitude of the wait tor the calbration. 
[0062] According to the fourth embodiment the sig- 
nal from the calforation signal generator is input to the 
calbration signal input terminal 150 between the 
antenna element #4 and the multi-beam synthesizing 
droit 152, output from the four different output termi- 
nate by the mufti-beam synthesize 
ferent phases and transmitted to each receiving system. 
[0063] Therefore, since the individual variation 
between the calbration signals does not exist highly 
reliable calbration can be performed by monitoring 
whether the phase relation is kapt at a baseband part 

(nnn emooaimernj 

[0064] In the fourth embo dim ent, if the calbration 
signal is applied to the rema ini ng antenna elements, 
signals having another phase relation appear at a plu- 
rality of terminals. In the fifth embodiment, by applying 
the calibration signal to a plurality of antennas in such a 
way, a plurality of calibration value can be obtained. 
Then, reliable cafflxation can be performed by averag- 
ing the restft Since the multi-beam outputs are synthe- 
sized just after the array antenna in the same way as the 
fourth enrbcxfiment signals are transmftted to each 
receiving system while keeping the phase ampfitude 
relation between antenna elements. That is, the pattern 
of each beam is preserved without being disturbed. 
Only phase ratio and phase difference between beams 
are cfistubed. Only the value between the beams needs 
to be caBxated. 

[0065] Rg£ shows the fifth embodiment Fig.5 
shows a configuration which is almost the same as that 
of the fourth embocfiment The cfifference ts that cassa- 
tion signals are input via four routes in the fifth embocfi- 
ment That ts. antenna elements have caEbrafion signal 
input tenrinate 166-169. The output from the cafibration 
signal generator 101 is applied successively to the ter- 



minals 166-169 by using a switching circuit 161. That is, 
the output from the calbration signal generator 101 is 
applied to the calbration signal input terminals 166-169 
successively. At this time, function of the calibration sig- 

5 nal applied to each calbration signal axpTing part is the 
same as that of the calibration signal in Rg.4. A calibra- 
tion amount calculator 170 calculates the calbration 
amounts based on the calbration signal applied suc- 
cessively and calculates a mean value of the calibration 

io amouTts after a cycla The mean value is used as the 
calbration amount for use. 

[0066] In the fifth embocfiment each of the calibra- 
tion signals of the four routes is applied to a calibration 
signal input terminal of four caBxation signal input ter- 

is minate with different phase relation. By calbrating by 
switching the four routes, reliability is improved since the 
average of the calibration amounts is available. In this 
case, since the calbration signals of the four routes are 
not used simultaneously, calbration accuracy is not 

2Q affected even when the calbration cables have individ- 
ual variations. 

(sixth embodiment) 

25 [0067] In the case wherein the multi-beam output is 
used as it is, the FFT circuit of the after stage is not nec- 
essary and the configuration becomes simpler. 
[0068] Rg.6 shows foe sixth embocfiment The 
embocfiment is an example of a configuration of an 

so adaptive array antenna of a beam space type using a 
multi-beam synthesizing circuit As compared with the 
fourth embodiment the sixth embocfiment does not 
have the FFT circuit 

36 (seventh embodiment) 

[0069] Rg.7 shows the seventh enrbocfiment Simi- 
lar to fte sixth enbcxfiment the seventh embocfiment is 
an other exanple of a configuration of an adaptive array 
40 antenna of a beam space type using a mutti-beam syn- 
thesizing circuit As compared with the fifth embocfi- 
ment the seventh embodiment does not have the FFT 
circuit 

[0070] In the following, flowcharts of representative 
45 calbration amount calculation methods wiD be 
d es cribed. 

[0071] Fig.9 is a flowchart of the cafibration amount 
calculation method in the case wherein the cafibration 
signal is applied to one antenna element 

so [0072] The calibration signal generated by the cafi- 
bration signal generator is appOed to the cafibration sig- 
nal coipGng part which is provided in the antenna 
element (S10). The calbration signal is sent to a plural- 
ity of receiving systems simuftaneousfy by the nrtfti- 

55 beam synthesizing circuit (S11). Then, the calbration 
signal is detected in each of the pturaSy of receiving 
systems (S12). HnaDy. the calbration amounts of the 
receiving systems are calculated (S13). 
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[0073] Fig.10 is a flowchart of the calibration 
amount calculation method in the case wherein the caJ- 
foration signal is applied to a pturafity of antenna ele- 
ments. 

[0074] The calibration signal is applied to the caJ'h s 
bration signal coipfing parts provided in a plurality of 
antenna elements successively and it is determined 
whether the calibration signal is applied to every 
antenna element (S20). If NO, the calibration signal is 
sent to a plurality of receiving systems simultaneously 10 
by the milti-beam synthesizing circuit (S21). Then, the 
calibration signal is detected in each of the plurality of 
receiving systems and the calixation amounts of each 
receiving system are calculated (S22). The process is 
repeated untB the calibration signal rs applied to every is 
antenna element When the calibration signal is applied 
to every antenna element (YES in S20). the mean value 
of the calixation amounts is regarded as the calixation 
amount (S23). 

[0075] Fig.1t is a flowchart of the calixation so 
amount calculation method in the case wherein the FFT 
processing circuit is provided outside of the receiving 
system of the array antenna for performing multi-beam 
resolution calculation in the base station. 
[0076] For example, as 6hown in Fig.9. the caSxa- 2s 
tion amount is calculated for each antenna element 
(S30) . At the time, a signal of a receiving system of the 
array antenna which is not calibrated is checked such 
that the calixation amount calculation is verified (S31). 
[0077] As mentioned above, according to the so 
embodiments of the present invention, it becomes po*- 
stole to achieve gain of the array antenna, track beam, 
have diversity effects and suppress the interference 
waves from the same direction. 

[0078] In adcftion, the amount of signal processing as 
can be decreased. As a resiit, the appfication field of 
the array antenna can be extended. 
[0079] Further, according to the above-mentioned 
errtxxfiments, it is possible to calixate a pluraBty of sys- 
tems of a cuiTerttransnra^on system by using only one 40 
cafibration signal route. By using calixation signals of a 
plurality of routes, more refiaHe calibration result can be 
obtained since the calixation data can be averaged 
When mufti-beam output is used as it is herein, the FFT 
droit in the after stage is not necessary and the config- 45 
uration becomes simpler. 

[0080] Next, a confi gura ti on of an amy antenna 
which can achieve both of the first object and tfie sec- 
ond object of the present invention is shown in Fkj-8. 
[0081] The configuration includes array antennas so 
#1 , #2, mutti-beam circuits 201 , 202, #1-#4 of receiving 
systems 203, #1-#4 of receiving systems 204, calxa- 
tion signal generators 205. 206. caflxafion amoimt cal- 
culator 207, 208, an adaptive signal proces si ng device 
209. caBxation signal coupGng parts 210, 211. wads ss 
212andasi^adder213.TheconfiguratkxiisnotOm : 

ited to that shown in Fig.8. Combinations from Rg.1- 
Fig.3 and Fig.4-Fig.7 can be used. 



[0082] The array antennas #1, #2 are array anten- 
nas each of which array antenna has a plurality of 
antenna elements spaced at intervals at which the cor- 
relation is high. The spacing between the array anten- 
nas #1, #2 has a distance such that correlation can be 
negligible 

[0083] The operation can be considered as the 
combination of the operations of Fig.1-Fig.3 and Fig.4- 
Fig.7. Therefore, the description of the operation wfll not 
be given. 

[0084] The adaptive signal processing device 209 
may perform adaptive signal processing by using an 
adaptive signal processing amount obtained by sub- 
tracting the calibration amount calcdated by the calibra- 
tion amouit calculators 207, 208. 
[0089] The present invention is not Omfted to the 
specifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the invention. 

* 

Claims 

1. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array antennas inducing a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhixted; 

wherein said array antennas are spaced at 
intervals at which the correlation is negligWe; 
and 

outputs of said antenna elements being con- 
verted into baseband and adaptive signal 
processing being performed on said antenna 
elements simultaneously. 

2. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array 

antennas induing a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhixted; 

said array antennas being spaced at intervals 
at which the correlation is negBgMe; 
each of said array antennas performing adap- 
tive signal processing independently; 
each output of said array antennas processed 
by adaptive signal processing being further 
processed by adaptive signal processing. 

3. An adaptive array antenna characterized in that 
said adaptive array antenna comprises a plurality of 
array antennas inducing a plurality of antenna ele- 
ments which are spaced at intervals at which a 
large correlation is exhixted; 

said array antennas being spaced at intervals 
at which the correlation is negfigtole; 
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at least an array antenna of said array anten- 
nas performing adaptive signal processing; 
array antennas which do not perform adaptive 
signal processing referring to a result of said 
adaptive signal processing of other array s 
antennas and adjusting phase and level of out- 
puts of antenna elements of said array anten- 
nas which do not perform adaptive signal 
processing. 

'< 

4. The adaptive array antenna as claimed in one of 
claims 1 - 3. wherein said adaptive signal process- 
ing is an interference suppression tracking type or a 
maximum gain tracking type. 

n 

5. The adaptive array antenna as claimed in one of 
claims 1 - 4, wherein signals to which weights are 
assigned by said adaptive signal processing are 
synthesized before detection or after detection. 

6. An adaptive array antenna characterized in that 
said adaptive array antenna comprises: 

an array antenna having a plurality of antenna 
elements; 25 
a rnuW-beam synthesizing circuit for syrrthesiz- 
ing multiple beams; 

a calibration signal coupling part provided 
between said multi-beam synthesizing circuit 
and said anterma element for inputting a cali- so 
oration signal; 

a cafibration signal generator; 
a caHxation amount calculator; 
wherein said calibration signal generator 
appfies a cafibration signal output to said cafi- ss 
oration signal coupling part 

said cafibration amount calculator calculating a II 
cafibration amount for each of receiving sys- 
tems from baseband signals of said receiving 
systems connected to the outputs of said mufti- 40 
beam synthesizing circuit and performing cali- 
bration to said receiving systems. 

7. An adaptive array antenna characterized in that 
said adaptive anay antenna comprises: 45 

an array antenna having a plurality of antenna 
elements; 

a mufti-beam synthesizing circuit for synthesiz- 
ing multiple beams; 50 
a caHxation signal coupling part provided 
between said mufrbeam sy nth e sizing circuit 
and said antenna element for inputting a cali- 
bration signal; 

a caHxation signal generator; ss 
a caBxation amount calaiaton 
wherein said cafibration signal generator 
applies a cafibration signal output to a pturafity 



of said calibration signal coupling parts succes- 
sively, 

said calibration amount calculator calculating a 
cafibration amount for each of the receiving 
systems from baseband signals of said receiv- 
ing systems connected to the outputs of said 
multi-beam synthesizing circuit every time said 
cafibration signal output is applied to said cafi- 
bration signal coupling part and caHxation to 
said receiving systems being performed by 
using a mean value of calculated calibration 
amounts. 

8. The adaptive array antenna as claimed in one of 
claims 6 or 7. wherein an FFT processing circuit is 
provided for performing calculation of multi-beam 
resolution within a base station in the outside of 
said receiving systems of said array antenna. 

A caHxation amount calculation method in a receiv- 
ing system of an array antenna having a plurafity of 
antenna elements, said caHxation amount catena- 
tion method characterized by: 

applying a caHxation signal generated by a 
cafibration signal generator to a calibration sig- 
nal coupling part provided in one antenna ele- 
ment; 

sending said caHxation signal to a pturafity of 
said receiving systems by a muftnbeam syn- 
thesizing circuit; and 

calculating a caHxation amount of each of said 
receiving systems from baseband signals 
obtained by detecting caHxation signalsofsaid 
receiving systems, 

AcaJbrationarrxxirtcaka^ 
ing system of an array antenna having a plurafity of 
antenna elements, said caHxation amount calcula- 
tion method characterized by: 

applying a caHxation signal to cafibration sig- 
nal coupGng parts provided in a plurafity of 
antenna elements successively; 
seating said caHxation signal to a pturaByof 
said receiving systems by a muffi-beem syn- 
thesizing circuit provided in an array antenna 
simultaneously; 

calculating, by a caHxation amount caJaiator 
connected to a plurafity of said receiving sys- 
tems, caHxation amounts of said receiving 
systems from baseband signals obtained by 
detecting cafibration signals of said receiving 
systems; 

using a mean value of said caHxation amounts 
as a c aO bratk x i amount of said receiving sys- 
tem. 
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11. The calibration amount calculation method of said 
receiving systems of said adaptive array antenna 
as claimed in claim 9 or 10, wherein verification of 
calibration amount calculation is available by pro- 
viding, in the outside of said receiving systems of s 
said array antenna, an FFT processing circuit for 
performing calculation of rmiti-beam resolution 
within a base station. 

12. A calibration method for performing calibration of a io 
receiving system of an array antenna by performing 
adaptive signal processing, said calibration method 
characterized by performing adaptive signal 
processing after subtracting said calibration 
amount calculated by the method claimed in claim 9 is 
or 10 as an adaptive signal processing amount 
when performing adaptive signal processing for an 
adaptive array antenna. 
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